1. Introduction.-Though recent development of numerical methods such as Monte Carlo method has made the analytical methods less interesting in the investigation of hot carrier problems, the latter is still to be one of the powerful methods to study the nonlinear phenomena in semiconductor devices. The moment equation method, e.g., has enabled us to study the high frequency response as well as the steady state dc response of devices.
In this paper, by developing the moment equation method by 1) 2) Robson and by using the relaxation rate by Das and Ferry,' the mobility and the diffusion coefficient of p-type Si are studied. The results are applied to the noise power density of a hole current flow in a SCL diode.
2. Method of Calculations.-According the the theory by Robson and Cheung and Hearn,' the motion of electrons or holes under an electric field is described by the following coupled equations; (1) where use of the displaced Maxwellian with an electron temperature T g has been made, n the carrier density, v, the drift velocity, m the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981726 e f f e c t i v e mass and i s t h e e l e c t r i c f i e l d . The r e l a x a t i o n r a t e of 2 1 momentum rm and t h a t of energy re have been given by D a s and Ferry, where included a r e t h e i n t e r a c t i o n s w i t h ionized i m p u r i t i e s , t h e a c o u s t i c phonons and t h e non-polar o p t i c a l phonons. By l i n e a r i z i n g t h e v a r i a b l e s i n (1) around t h e steady s t a t e , 5 = fo + f eiYt , By u t i l i z i n g t h e r e s u l t s ( 3 ) , t h e c u r r e n t v e r s u s v o l t a g e and t h e noise versus v o l t a g e c h a r a c t e r i s t i c s of t h e hole c u r r e n t flow i n a
SCL diode a r e i n v e s t i g a t e d w i t h t h e following formula 4 where A i s t h e sample a r e a and L t h e sample l e n g t h , na i s t h e thermal c a r r i e r d e n s i t y , EL i s t h e f i e l d s t r e n g t h a t t h e cathode and E i s t h e p e r m i t t i v i t y .
3 . Results and Discussions.-Material parameters used i n t h i s work a r e summarized i n Table 1 .
Because of t h e ambiguities of t h e assumption of t h e p a r a b o l i c energy band, t h e coupling c o n s t a n t f o r t h e a c o u s t i c and o p t i c a l i n t e r a c t i o n s were determined so t h a t t h e low f i e l d mo-
b i l i t y a t 77 K and 3 0 0 K match t h e experimental values. The r a t h e r l a r g e values of t h e c o n s t a n t s compared t o those i n l i t e r a t u r e s a r e c l e a r l y due t o t h e neglect. of t h e warping e f f e c t of t h e band.
Figure I shows t h e d r i f t v e l o c i t y a s a function of t h e e l e c t r i c f i e l d s t r e n g t h a t s e v e r a l temperatures. The agreement of t h e r e s u l t s w i t h t h e experimental ones a r e e x c e l l e n t .
Figure 2 shows t h e f i e l d dependence of t h e d i f f u s i o n c o e f f i c i e n t ,
t h e agreement of which with t h e experimental ones a r e n o t so good a s i n t h e case of t h e mobility.
The d e v i a t i o n i s enhanced i n t h e high f i e l d region, b u t p r e s e n t r e s u l t gives a c o r r e c t value a t t h e low f i e l d l i m i t where t h e E i n s t e i n r e l a t i o n i s h e l d i n t h e theory. A s i m i l a r c a l c u l a t i o n f o r e l e c t r o n s
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showed an e x c e l l e n t agreement with t h e Monte Carlo r e s u l t s by Canali e t ~3 1 .~) f o r a p a r a b o l i c band ( a = 0 i n t h e i r work ) . Therefore, t h e d e v i a t i o n s shown i n Fig.2 i s thought due t o t h e n e g l e c t of t h e warping e f f e c t a s w e l l a s t h e nonp a r a b o l i c i t y . * O t t a v i a n i e t a l . Ref. [9] ** Runyan. Ref. [lO] *** P r e s e n t work. a r e p r e s e n t r e s u l t s and ( 0 ) and ( A ) a r e e x p e r i m e n t a l p o i n t s . Ref. [6, 91. 
. The d i f f u s i o n c o e f f i c i e n t a s a funct i o n o f e l e c t r i c f i e l d s t r e n g t h .
and ( A ) a r e e x p e r i m e n t a l p o i n t s [ 6 , 111.
C7-224 JOURNAL DE PHYSIQUE r e p o r t s t h e n o i s e temperature d e f i n e d by
= eD,(O)/u, ( 0 ) , a l o n g w i t h t h e e x p e r i m e n t a l and Monte C a r l o r e s u l t s by Nava e t a l . 6
I t i s n o t a b l e t h a t i n s p i t e of t h e l a r g e d i s c r e p a n c i e s i n t h e d i f f us i o n c o e f f i c i e n t a s i n Fig.2 t h e agreement o f t h e n o i s e temperature
i s e x c e l l e n t .
By u s i n g t h e f o r m u l a ( 4 ) , t h e e l e c t r i c a l p r o p e r t i e s of a SCL diode was i n v e s t i g a t e d . The c a l c u l a t i o n s were s t r a i g h t forward. I n o r d e r t o compare t h e r e s u l t s w i t h e x p e r i m e n t a l o n e s , t h e sample dimensions
were s e t a t t h e a r e a A = 0.01 cm-2 , t h e sample l e n g t h L = 40 um.
F i g u r e 4 shows t h e I -V c h a r a c t e r i s t i c s , o m i t t e d ( p u r e SCL c u r r e n t ) .
The c u rv a t u r e i s s i m i l a r t o t h a t o b t a i n e d by Nougier e t a l ? ) , b u t t h e magnitude of t h e c u r r e n t i s a b o u t f o u r t i m e s l a r g e r
Si-Holes Experiment 0 Nava e t a 1 (1979) Theory where t h e ohmic c u r r e n t i s Fig.4 . I-V c h a r a c t e r i s t i c s of a SCL diode of p-Si. The ohmic c u r r e n t a t t h e low v o l t a g e i s omitted. See t e x t .
t h a
s by Gisolf and ~i j l s t r a ? ) F i g u r e 5 r e p o r t s t h e n o i s e power d e n s i t y a t two temperatures. The curve ( a ) i s t h e p r e s e n t r e s u l t w i t h h o t c a rr i e r e f f e c t and ( c ) i s t h a t f o r thermal c a r r i e r s w i t h o u t h o t c a r r i e r
e f f e c t .
The curve ( b ) i s t h e r e s u l t s by r e t a i n i n g t h e h o t c a r r i e r e f f e c t w i t h a c o u s t i c s c a t t e r i n g s ? ) I n t h e c a l c u l a t i o n of t h e n o i s e , t h e r e s i s t i v i t y of t h e sample was s e t a t 100R-cm a t 300 K a s i n t h e c a s e o f t h e experiment by G i s o l f and Z i j l s t r a , whose r e s u l t s a r e
shown by d o t s i n t h e f i g u r e s . The agreement of t h e e x p e r i m e n t a l p o i n t s w i t h t h e c u r v e s ( a ) i s good and shows t h a t t h e h o t c a r r i e r e ff e c t i s e s s e n t i a l i n t h e n o i s e power o f a SCL diode. However, t h e f a i r agreement would g i v e one a c o n f u s i o n because t h e r e i s a l a r g e d i s c r e p a n c y i n t h e bulk d i f f u s i o n c o e f f i c i e n t a s shown i n Fig.2 . 6
According t o t h e s t u d y o f t h e warped band o f S i by Nava e t a l . , t h e e x p e r i m e n t a l d a t a i n l i t e r a t u r e s were e x c e l l e n t , t h e a b s o l u t e v a l u e o f t h e c u r r e n t o f t h e SCL diode and t h e i n c o n s i s t e n c y i n t h e d i f f u s i o n c o e f f i c i e n t i n bulk S i and t h e corresponding n o i s e of SCL diode have been remained unsolved.
